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POWER UNIT' FOR HIGE-INTGNSITY LIGHC SOUFCE 

By Allen E. Young, Stuart  McCullough, and Rfchard L. smith 

A light-source  power  unit has been  developed that provides  reliable 
triggering, m d  easy  synchronization  with  rotating  elements  or  electric 
impulses. when used with conventional  spark  gaps  and  flash  tubes,  this 
power  unit  provides a light  pulse of hi@ intensity  and  short  duration. 

INTROrnrnION 

The  use of optical methods of flaw visualiiz8ticm for supersonic 
flow research  with  rapidly changing transient  conditions has brought 
about  the  need for a reliable  light  source of hLgher intensity  and 
shorter duration  than that obtainable  with  the sources in camon we. 
In view of these  requirements, a program of light-source  development 
WEE initiated at the NACA Lewis laboratory  to  develop ,a source  that 
would  provide a high-intensity,  short-duration light output for use 
Fn projector-type  optical  systems.  Consideration of the  various  types 
of light somce led  to  the  choice of a high-voltage  condenser  discharge 
spark light  source for t h i s  application  because It Fnherently provides 
high  intensity, slnall source  size,  and short  duration. 

The  problems c m o n  to a l l  C O R ~ S W  discharge spark supplfes  are 
those of finding a reliable means of initiating  the  discharge and main- 
taining a high  -edance in the  gap  to  provide a rapid  rise in lfght 
intensity with efficient energy c&veraion i n t o  useful  light output. 
The  discharge  may  take place through a flash lamp or an exposed spark. 

This  report  describes a power  uni% for prwidFng purses of energy 
to  light  sources and three  light  sources  suitable for use  with  this 
power  unit. 
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THEORY 

The intensity of light  produced in an open epark gap is  a  function 
of the energy dissipated in the gap and the volume in which this energy 
is  dissipated. Iche porkion of the available energy in the condensers 
that goes into the gap  depends won the  ratio of gap resistance to 
t o t s 1  circuit  reeistance.  Because the gap resistance is usual ly  of the 
order of I ohm cm less,  it is of e&&+ importance to use diecharge 
condensers of l o w  series surge  resistance  and to minimize  circuit 
reefstance by the use of heavy  ccmductors. 

The values of inductance and capacitance in the discharge circuit 
determine  whether the discharge WiU be oscillatory or an overdamped 
transient. me value of resistance for critical damping is Q - 2- 
where & is the critical damping resistance in ohms, L is the total 
circuit  inductance in henries, and C is the t o t a l  circuit  capacitance 
in farads. In circuits  where  the  capacitance is large and wiring induct- 
ance is relatively small, the discharge is overdamped. Overdamping 
results in a gradual  decay of light mer R relatively long period. This 
long decay perid may be reduced by the  use of a high-voltage low- 
capacitance  power  source. In cases  where wir ing  Inductance is appre- 
cable, a8 in cases  where the spark gap is some distance removed From 
the condensers, the discharge will be oscillatory if'the t o t a l  series 
circuit  resistance  is  lese than that required for critical Anmping. 

It has been found that the sudden application of' a high-voltage 
pulse to a epark gap without the presence of any ionizing  influence 
provides  greater  light  output  during the initial high-voltage phase af 
the discharge than is  obtained when an ionizing trigger is used. The 
absence of an ionizing  trigger  germits the gap  -dance to remain at 
a high value during the  initial  phase of the discharge with resulting 
increased  circuit  efficiency as mors of the avafLable energy is  con- 
verted  into light output in the gap. The light  intensity f r o m  e spark 
may also be increased by provldlng greater pressure in the discharge path. This pressure increase may be accompli6hed by placing the enthe 
gap assenibly under pressure cr by confining the discharge  path, as is 
done in the Llbessart type gap developed by General Paul Libessart of 
France. 

A high-voltage  law-capacity  power  suurce h&s been selected because 
of the short decay  period. High over-voltage  at the spark gap is 
obtained by charging the condensers in parallel and discharging in 
series. 
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The circuit i s  shown in figure 1. It cansists of two discharge 
con-sers Cl and C2, a type 5C22 hydrogen thyratran, a surge limit- 
ing inductance L, and t w o  res is tms & and %. lrhe operation of 
the  circuit i s  as follows: Condensers C 1  and C2 are m g e d  i n  
parallel t o  a high voltage (10 t o  15 1 N )  tbratgh the charging resistor 
& and the surge resistor Q. When these canhse r s   a r e  fully charged, 
the discharge i s  init iated by applying a positive triggering pulse t o  
the grid of the thyratron, wbich f i r e s  cagpleting a circuit  consfsting 
of Cl, L, and the tube. The resulting oscfUatory dfscharge  reverses 
the  polarity on Cl after the first half cycle. At this t h e  the 
polarities of the condensers are s d e s  additive, thus impressing nearly 
twice the supply voltage  across  the gap. Thfs voltage pulse breaks 
do- the gap  and the two candenser6 discharge in  series. Initiatim 
of the spark discharge is reliable because the circuit  action following 
the firing of the t h p t r o g  provides a voltage pulse an the gsp well 
EbOVe the breakdam  potential. 

The type 5622 hydrogen thyratron was chosen f o r  this application 
because of its fast  ionization and deionization tlmes, wide temperature 
range of operation, and high Burge current "biuties. Although the 
tube has a surge current  rating of 325 anpzres, currents as high as 
2500 amperes have been passed without apparent damage or excess loss 
of tube l i f e  {reference 1). I t s  grid  control  characteristics d e  it 
particularly  suitable  for sFmple circuit cclnfiguratian  because no 
bfssing i s  neceseay t o  prevent conduction. The cathode of the thyrs- 
tron and one aide of the &&p a r e   a t  ground potential all the time, E I I ~  

the other side of the gap is a t  grand  potential wing the  interval 
a f te r  the condensers are  fully charged, until the  trigger pulse is  
applied. The grounded mtput thus provided  reduces the nmfber of points 
that   are  at  a high potential with  respect t o  ground and increases the 
safety of operation. The inductance L is an a i r  core coi l  of approxi- 
mately 10 microhenries, Which serves a s  a surge limiting choke t a  pro- 
tect   the thyratron. 

The circuit is applicsble t o  any s ize  cmdensers, the limiting 
factor on size being  the amount of energy that the  thyratron can handle 
without damage. Three units have been cmstructed and operated satis- 
factorily u s i n g  condensers of 0.05, 0.25, and 1.0 microfarads, chsrged 
to 15 kilovolts, The energy stored fn the condensers of the  three units 
is ll, 56, and 225 watt-secmds,  respectively. IChe values of & and 
Q are dependent on the  current  rating of the high-voltage puwer supply . 
used t o  chexge Cl and C2, higher values being  necessary t o  protect 
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the ccmrponents in low-current power supplies. The charging rates of 
the condensere and the charg ing  time interval that  must be  allowed..- 
between pulses are determined  by both & and Rd because they are 
series charging resistors. In the supplies that were  canetructed, . . i !  

Rd had values of *am 0.25 t o  5.0 megohms. The resistor & was 
selected t o  limit the initial charging current t o  the surge current 
rating of the power supply rectifier. Both resistors must be capable 
of withstanding  voltage  surges 09 " i c e  the peak rectifier voltage. 

, 

- -  - . - . . .. 

cv 

Synchronization of the apark discharge  with rotating element8 m 
electric impulses i s  easily accomplished because the time delay between 
trigger pulse  and discharge is smal l  and the jitter is negligible. 
A trigger pulse of 150-volt amplitude, l.-microsecand rise time, and 
5-microsecond duration is  recommended for the  thyratron by the tube 
manufacturer and should produce a firing time delay of less  than 
1 microsecond and a J i t t e r  of about 0.04 microsecond. An additional 
t h e  delay and Jitter is  introduced by the spark gap and connecting 
w i r i n g .  The t o t a l  c d i n e d  time dehy is of the order of four micro- 
seconds with a j i t t e r  of less  than one-half  microsecond. The time L 

delay due t o  the  thyratron may be reduced t o  about me-half the values 
by the use of a triggering  pulse of 200-volt amplitude and one-fourth 
microsecond rise time. R o t a t h g  elements m y  be synchronized by using 
any conventional method of providing a voltage pulse at  some predeter- 
mined instant of angular rotation. 

Tests were conducted t o  determine the effective photo&raphic 
intensity and duration of the light from various light sources used 
i n  cmiblnation with the power unit. 

Method of evaluation. - MeaSUr-tS of light pulse duration w e r e  
made by two methods. The first method utilized a rotating mirror  system, 
wherein a f ie ld  of. calibrated dots  was focused clll a fFlm plate afier 
having  been reflected fran the  rotating mirror. The f ie ld  was i l lu- 
minated by the spark, which ves synchronized w i t h  the m f r r o r  poaitim 
so that, a t   the  instant of discharge, the m i r r o r  was in a position that 
reflected the dots upon the film  plate located several feet  dlstant . 
The optical  lever  thus obtained gave an apparent movement on the film 
plate of 3f8 inch per microsecand when the mirror WSB rotating at 
15,000 rpm. The effective photographic duration was determined by 
measuring the blur of the date on the film plate. 
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The second method used a  type 93lA multiplier phototube, the out- 
put of which was fed into an oscilloscope and the resulting  trace of 
the light wave form was photogmphed  by an oscilloscope camera. The 
multiplier phototube was chosen because i ts  output was not distorted 
by space charge effects within  the tme. 

Measurements of integrated  intensfty w e r e  =de with an integrated 
intensity  ame era constructed a t   t he  L&s laBora+oqj a schematic draw- 
ing  of the camera is shown in figure 2. Mo absolute  values w e e  deter- 
mined, a l l  measurements being relative t o  the flash output of a standard 
high-pressure mercury vapor 7nslp that was used  because of its universal 
application and wide acceptance. The imge of the light source S m e  
magnified and focused on a small aperatwe A that passed only a SDBU 
fraction of the t o t a l  source area. The light that passed through the 
aperture exposed EL s t r ip  F on a roll of 35-millimeter film. An 
adjacent s t r ip  on the  film was exposed  by light f r o m  a calibrated 
lamg C passing through a variable-density element D. By a compari- 
son of the exposure of the  light-source s t r ip  with that of the  variable- 
density  strip, & relative exposure can be det-ed. 

Results of eva.lwtion. - The Spark parer  units have  been used with 
several  tspes of @ark gap as s h m  . i n  figure 3. The sandwich gap con- 
sists of two 0.007- by l/S-inch magnesium-ribbon electrodes sandwiched 
between two insulating'  plates of quartz glass-bonded mica. The dis- 
charge is viewed.  edge on between the platee. Ln the Libesssrt  wp,  the 
dfscharge is cmfined t o  the smal l  cylindrical volume between the elec- 
trodes, and the  discharge i s  viewed  end on through the mall hole in 
the large  electrode. The schlieren source is  used in canbination wikh 
an auxiliary steady l ight source t o  provide  continuous illumination. 
The  gap assenibly is sealed and pressurized to provlde greater intensity, 
and the spark  discharge  takes  place in  the center of the  insuhting 
insert that forms the  aperture of the schlieren system. For taking 
flash pictures, the steady light source is turned off and the spark is 
discharged i n  the aperture. Standard flash tubes such &E the helical  
BT-19 may also be pulsed w i t h  t h i a  parer unit 

Measurements of effective photographic duration and integrated 
intensity were  =de with the results l ia ted i n  the following table. All 
intensity measurements are reZEctlve t o  the  intensity of a standard high- 
pressure mercury  vapor 1- when flashed with a  source consfsting of a 
3-microfarad condenser charged t o  2 kilovolts. 
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Light aource Duration Integrated  intensity Input energy 
. 1 .. 

(watt-sec) (microsec) ( reht ive)  

High-pressure 0 mercury-vapor flash 
,10-15 E! 1. 6 -  

8 30 225 
3 . 15 u Libessart &a$ 
4 5 225 

0.5 l l  Sandwich 
e. 

" 

~ - .  .. 

0.2 ' 

lSee  figure 3- 
The  wave form of the light output frq a sandwich  gap using &z1 

11wertt-second unit i s  s ~ o w n  i n  figure 4. The r i se  time of the light 
output is seen t o  be less than 0.05 microsecond t o  peak intensity. The 
succeeding oscillations that follow the initial pulse may be reduced by 
the  addition of a small  w i n g  resis6nce in  series with .the discharge. 
There is, of' course, some reduction In intensity due t o  the losses in . 
the resistor; however, the  intensity is  s t i l l  adequate for  photography. c 

r 
I 

A power unit for a hlgh-inntensity light source haa been  developed 
which provides light pulses of short  duration  for'the photography of 1 
high-speed air flow. The unit when used with  conventional spark gaps 
and flash tubes may be easily synchronized with rotat- elements o r  
electric impulses. 

Leuis Fl ight  Propulsion Laboratory, 

Cleveland, Ohio. 
Rational Aflvisory  Committee for Aeronautics, 

1. Whelan,.W. T.: Recent R e s e a r c h  on Pulsed L i g h t  Sources. Trans. AIEE, 
V O ~ .  67 ,  1948, p ~ .  1303-1307. . 
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Figure 1. - Schematic wiring diagram of power unit. 
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Figure 2. - Sketch of integrated-Intensity camera. I! 
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(a) Sandwich gap. 

Electrode 

LElectrode p l a t e d  

(b)  L ibessar t  gap. 

Electrode 

Electrode 

v 
Figure 3. - Sketches of several  types of l i g h t  source. 
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